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Subject: A study of t h e  hydraulic oharac te r i s t i ca  of an unreinforced 
concrete protect ive  hood f o r  canal  Lining underdrain f l a p  
valves of the Tiellton-Ikhawk Canal--Gila Pro jeot, Arizona 

PLRPOSE OF STUDY 

To develop a concrete protect ive  hood f o r  f l a p  valves of 
canal  underdrain systems t h a t  w i l l  provide, impact protection, w i l l  
prevent sediment deposit ion against  the  valve f lap,  and w i l l  prevent 
~ n a l f m c t i o n i r g  of the  valve f l a p  due t o  biological  grawth. 

1. The two-piece hood developed by t h e  laboratory e t d y  
( ~ i g u r e  2) w i l l  f u l f i l l  the  requironents kiatad' above. It will keep 
t h e  f l a p  valve operable a t  water ve loc i t i e s  as l m  aa 1 f o o t  per 
second, which i s  about one-third of the average veloci ty  oxpected 
i n  t h e  ':!allton-&hawk Canal. 

a, The f l a p  valve w i l l  remain operable with continuously " 

moving sand loads on the  canal bottom equal t o  a s e t t l e d  sand 
depth of a t  l e a s t  one-third the height of t he  protect ive  hood. 

be lIoving biological  growth in the  canal bottom w i l l  not 
entangle t h e  valve flap. HaPvever, the ends of acme streamera 
w i l l  entangle around the bronze rods connecting the  tzPo hood 
pieces and ori l l  c l ing wi th  t h e  greatest port ion stroaming duwnstrsam 
and outs ide  o f '  t h e  hood, 

c .  Only anal l  piecaa of b iological  growth w i l l  en te r  a t  
t he  t op  of the  opening between the  hood pieces, and they w i l l  be 
e jected almost imn~ediately by the outflow of water from the  water 
r o l l e r  caused by the  damst rean  hood piece (deflector) .  



2 • Eiol -o~icr i l  g;ra7t;h w r r i o d  b y  tho m m ~ l  viator tldll tend t;o 
c l i n ~  t o  r o q h  ooncl-o9c hood surfnoes vd~on co=t;act i s  mado v r i t l l  such 
S U ~ ~ C L C O S .  

lUCOEBIDnTIOIS 

1. Use tho etvro-pieco hood (Figuro 2) f o r  the p ro tec t ion  of 
t \ o  f l a p  valves in t h e  T ~ e l l t o n - 3 o b ~ ~ I r  C a n a l .  

2. l?inisn the  concrete hood surfaces  as smootllly a s  p o ~ s i b l o  
to aid i n  4210 p a s s i q  of b io log ica l  grmvtli which i s  cn r r i ed  by  the  
cmal vm-ter. 

3. Smoothly blend the two bronze rods, which bridge Wo Cpro 
;?iecos of tilo d i v i d e d  hood, i n t o  tho ccncrote surfzcos t o  a i d  i n  the  
pass inl; o f  b i o l o ~ i c n l  ~ r o v ~ l .  

4. Lhrk the  loca t ion  of tho pro-tect5.w hoods on the  c a u l  
ban!: t o  guard r r ~ n i n s t  hood a n d  mlvo h g o  by c m l  cleaning equipment. 

ACKI ramElnJJ!r 

Engineers from %hs C~anttZs Di-cision cnd Uydmulic Laborntory 
col lnbomted i n  tho f l a p  v d v o  proteot ive  hood studies discussed 
in  t h i s  report .  

The :'fellton-Lioharr1.c Canal, Gila Pro jec t ,  Arizonn, (Figure 1 )  
i s  on ly  cne of seve ra l  Bureau m m l s  d e s i p o d  w i t h  3-1/2-inch rein-  
forced concrete l in ing .  This l i n i n g  can withstand a naximum 
d i f f e r e n t i a l  xabr pressure of 0.67 of a f o o t  of  water w i t h o u t  
1.ucF:l.ing. Po p r o t e a t  tlze l i n i q  a g a i n s t  b u c k l i n ~  due t o  differential 
v r a t o r  p ressures  r e s u l t i n g  from a h i g h t r a t e r  t a b l e  o r  rainstorm, 
6-inch open-jointed sewer pipe drains have been provided beneath 
tho f l o o r  of the  cqmls (Figure 2 ) .  A t  i n t o r ~ l s  along the course 
of the canals, tho dra in  pipes pass u p m r d  thsougli .tlls bottom l i n i n g  
and rpro vented by f l a p  valves. 1% was =ported i n  Iiydraulic Laborn- 
tor:? Roport No. Eyd. 257, "A Study o f  the 1i:niraulic Charac to r i s t i c s  
of Control Devices f o r  t h e  Underdrain System of t h o  Friant-Ihrn 
C a n n l ,  Cenat;ral Valley Projec t ,  California,"  that  tizo hend for 



producing flow was c r i t i c a l ,  being 0.21 of a foot  of water above 
the  invert, of t h e  ex i t  of t he  unsubmerced valve. Therefore, it 
became evident  t h a t  slly debris collecti?!: against  the  valve f l ap  
coulr! increase the opsninl: head and thus impair the  s a f e ty  of the  
l ining.  Since l i t t l e  was known of t he  sb i l ihg  of protective hoods 
fo r  preventinc t h e  collection of sediment and biologics1 ~ m w t h  
i n  t h e  aren of t he  f l a p  v d v o  opening, a hydraulic study was made 
of these charac te r i s t i cs ,  and the  study extended t o  improve desfgns. 

'ITST FACILI'CES AND PROC'EDURE 

F u l l  s i ze  and 1:4 sca le  model hoods were used i n  t h i s  
study t o  obtain a qua l i t a t ive  comparison of the  sand scour pat terns  
caused by water flow around t h e i r  surfaces. The hoods were con- 
s t ructed of metal screeds md covered with a cement-plaster mixture. 
Two flumes were used i n  t he  tes t ing .  One had a bottom width of 
3 f e e t  t3 inches, a depth of Ilc inches, and 1-1/2: 1 sloping s ides  
*ere both model and f u l l  s i ze  hoods were studied. The second one 
where only the models were studied, had a bat ton width of 2 fee t ,  
a depth of 2 feet ,  and v e r t i c a l  sides. 'l3.e f i r s t  flume wes 
supplied wi th  r i v e r  sand that: wzs moved by t he water i n  the  immediate 
v i c i n i t y  of the hoods but had no general movexent a t  l a w  water 
ve loc i t i es .  A smaller smd (average size 0.2 of a .millimeter) w m  
used in t h e  2-foot-wide flume t o  represent t he  continuous movement of 
sand i n  the  canal. Biological  growth was simulated by cotton f i b e r s  
soaked i n  water containing aerosol, and by using na tura l  weeds and 
algae. Water for  both t e s t  flumen was sup_nlied by an 8-inch propel ler  
p u p  and measured by an orifice-venturi  meter. 

Tne i rpor tan t  consideration cf t h i s  stu2y was  whether t he  
hcod would scavenge sand and biological g;rowth from the region 
adjacent t o  the  valve flap. To f ind  the sand scouring e f f e c t  of 
a particular hood o r  i t s  rodel,  a uniform depth of sand was placed 
on tke bottom of t he  t e s t  flume anl around, tk hood a d  water was 
punped throurb t h e  f lune a t  a given velocity. Observations af t he  
sand movensnt were made f o r  a period of X hour and t h e  scour a t  the  end 
of t h i s  time recorded by photo~;raphy. Where t he re  was a continuous 
movement of sand t h r o u ~ h  L he t e s t  section,  t h e  model was allowed t o  
operate u n t i l  there  was no apparent change i n  t he  scour pattern.  The 
t e s t  flume was then drained and the  scour p t t e r n  photo,qraphed. 
Cott,on f ibers ,  mterweeds, and aleae were dropped i n t o  the  flowing 
water upstream of the hood t o  represent conditions with biological  



A t  t h e  s t a r t  of t h i s  study it was realized t ha t  very f e w  
quantitative r e s u l t s  could be obtained. The quanti ty and d i s t r ibu t ion  
of s i l t  a d  bio1op:ical growth t o  occur in the canal were unhwn, The 
pa r t i c l e  s i z e  of wind-blown sand i n  t he  canal could be assumed small 
and ec:sily moved by t h e  water which a t  mcedrmun carnal discharge would 
have EUI a~-erage ve loc i ty  of approximately 3 f e e t  per second. The 
size of tlre earth material  moved i n t o  the  canal from an i n l e t  by a 
r a in s tom could include m a l l  rocks. The smaller part!.cles would 
probably be moved by t h e  -.a1 water while t he  l a rge r  rocks would 
remain &ere deposited. These mcks would cause no trouble t o  the  
underd:-ains unlesi s they were in contact with the  valve! f lap.  

An indication of t h e  hood's a b l l i t y  t o  pass growth wt;s 
o1r,tained by  the  u.se of the  cotton fiber-%, weeds, and algae. The ~ or~terweed used had a spec i f ic  gravity l e s s  than t h a t  of water, and 

I therefore floated near the  surface without contacting t h e  protective 
hoods. The algae,, ~ 5 t h  a specif ic  grevity nearly equal t o  t h a t  of 

I 
wat el., we r e  carried a t  various depths depending upon t h e  turbulent e 
of t h e  wster. Tk:e mass of these algae placed i n  t h e  t e s t  flumes 

I broke down very x*apidl;r i n t o  streruners composed of a f e w  filaments, 
The following described tssts on t h e  d i f fe ren t  protect ive  hood 
designs were made t o  evaluate t h e  a b i l i t y  of each desi,gn t o  
scavenge sand, sjlt, and biological  growth. , 

Original Hood Desii. 

The o r i ~ i n z l  hood design ( ~ i g u r e  3 A )  was cons tn~c t ed  f u l l  
size because it was  not known whether t h e  scavcnglne a b i l 3 . t ~  and accur 
pat tern  would be t he  same f o r  both fill size and model. To obtain 
compsrable resu l tu  in t h e  preU,ninary t e s t s ,  a unifonn 3/4-inch depth  
of sand (1/8-inch maxhmm size) was placed on the  f l oo r  of the test 
fl:-2 and around the protective hood. It was  expected t ha t  the  canal 
would be opez9nted for  long periods a t  water ve loc i t i es  as low as 
1 foot  per second, thereby making it necessary f o r  the hood t o  
scavenge s a t i s f a c t o r i l y  a t  t h i s  velocity.  Tests were conducted on t h i s  
basis.  L i t t l e  o r  no increase i n  scour i n  the  area  surrounding the  
hood was ncted i n  t h e  i n i t i a l  t e s t s  a f t e r  1 hour of operation at  1-foot- 
per-seco~ld water velocity;  hence t h i a  t h e  period was selected f o r  
comparison of the scour pat terns  f o r  subsequent designs. 

The submergence of t h e  origLnal hoob design, was l imited t o  
1-1/4 inches by the  t e s t  f a c i l i t i e s ,  The effect of t h i s  slight 



knavm, but w a s  evaluated l a t e r  by oompring  tho rerrultine; aoour t o  
t h a t  for  the model which was submerged t o  a greater  depth. The 
patterns were t he  same t o r  a l l  p rac t ica l  purposes, The scour p i t t e r n  
for the or ig ina l  fu l l - s ize  hood is sho~m in Figure 4 ~ ,  A red ts t r i -  
bution of t h e  sand from a uniform depth of 3/4 of an bcih, deposited 
amount of  sediment sand of 1-7/3-inch maximum heiglli 2-1/8 inches 
do~vnstream of the  f l a p  opening. Contour l i n e s  a t  1/6-inch intervals  
were places on the deposited sand and photographs taken t o  aid 5n a 
comparison with subsequent t e s t s .  The sand was completely removed 
alocg the side of t h e  hood, but it w a s  not cleared in the  region 
adjacent t o  the f l a p  where it would increase the  opening head. No 
in formt ion  concerning the cor re la t ion  between a model and a canal 
f l a p  valve protective hood was available,  so it became important to 
deternine if a model and a fu l l - s iee  hood would give comparable 
scavenging. c l~arac te r ia t ica .  

1 :I!. scale model. fiom the  t e s t  r e s u l t s  on the ful l -s ize  
hood, it xms concluded t h a t  the  designwas unsat isfactory fo r  keeping 
the f l a p  valve opsrab1.e if there  mas an appreciable amount. of sand 
in tho canal. As a fur thor  cheok of these resu l t s ,  a 1:b scale 
model was constructed and t es ted  in  the same flume a s  t he  fu l l - s ize  
hood. ilormally in model prototy-pe simil'itude based on $the fioude 
number, the veloci ty  r a t i o  equals the  square root of t h e  product 
of the  length r a t i o  and gravity rat io.  The &avity r a t i o  fo r  a l l  
p rac t ica l  purposca equals 1, leaving Vr = d G  Then t h i s  law 
was appliod in t e s t i ng  t he  1:b. model, it vms found t h a t  the  veloai ty  
w a s  insuff ic ient  t o  move t h e  sand. Therefore, it was necessary t o  
inc~*oase the  veloci ty  t o  cause a def i n i t o  movement 'of t he  samd 
adjacer~t  t o  t he  model hood. The saour patkern, resu l t ing  from 1 
hour 'a operation a t  a veloci ty  of 0.77 foo t  per second and with a 

orm ?and depth of 3/16 inch (Figure 0) , was s imilar  t o  t h a t  f o r  
t h e  fu l l - s ize  hood shown in Figure &'i. The veloci ty  of 0.77 foo t  per  
second reproduced qui te  well  the scour pa t te rn  of the  fu l l - s ize  hood. 
The rimximun height of the sand deposited dmstream of the  hood was 
now approximately l /2  inah, 1 inch do\vnstreacl of the hood. Sand had 
been cleared along t h e  hood s ides  but  deposited a t  the point of f l a p  
openixg. &en the meaeer qua l i t a t ive  data of these -t;wo t e s t s  
indicated t h a t  t h i s  hood in t h i s  posft ion on the  canal Moor was not  
acooptable. 

Original hood wi$h daf lectors.  I\-ttent ion was brought t o  
the  vrork performed a t  Colorado A and id College by Mr. R. L. Parshall  
concernkg the  use of r i f f  le-dsf lector  sand Frapi. The deflectors,  



wntur j u s t  dormstrean f ron~ ,  o r  immediately- &hind t h e  l i n e  o f  deflectot lo,  
c a w i n g  n n~ovoment of s?xtmyped sand o r  gravel  i n  a  l a t e r a l  d i r ec t ion .  
The p ~ i n c % p l e  of those sand t r ~ p c  ';v~s used in a t tempt ing  t o  move t h e  
sand depos i t  avmy from t h e  downstrem faoe  of t h e  o r i g i n a l  hood dosign. 
Various h e i ~ h t s  and shapes of d e f l e c t o r s  were t r i e d  on  t h e  cennl  
f l o o r  near t h o  hood f o r  pas j t i ons  o f  the hood varying from 00 t o  4 5 O  
r i g h t  of t he  d i r e c t i o n  of n n t e r  f l r n ~ .  ';hen t h e  d e f l e c t o r s  were 
allowed t o  p ~ o j e c t  beyond the  s i d e  of t h e  hood t o  d i v e r t  water ,  voqr  
good 3courj.n~; a c t i o n  m a  produced across  approximately one-half o f  
4:he hood width. A t  t h i s  p o i n t  t h r  water  p w l o c i t j ~  vms reduced, and t h e  
sand movement stopped, thua pe rmi t t i ng  a  s u f f J c i e n t  acc~unulat ion of 
sand t o  hinder  f l a p  va lve  opcraf;ios. There vms a l s o  t h e  problem of  
b i o l o g i c a l  growth accunulat i  ng on t h e  d e f l e c t o r s ,  thus reducing t h e i r  
a b i l i t y  t o  d i v e r t  a  s u f f i c i e a t  anount of water  f o r  c l e a r i n g  t h e  s a d  
P.v~I;~ from t h e  f l a p  mlve. AS, this t i n e ,  t h e  d e f l e c t o r s  d id  not seen  
app l i cab le  s ince  a l l  t h e  sodiment nroving on t h o  cana l  hottom d i r e c t l y  
i n  l i n o  wi th  the  deflectnlrs  moved t l l r o u ~ l l  *he a rea  t o  be kep t  clear .  
A dosign i n  i ~ h i c b  t h e  mving sed .hent  would not  e n t e r  t h e  c r i t i c a l  r eg iou  
and rrhich would have s a t i s f a c t o r y  scavenging p r o p e r t i e s  was considered 
rmst  s a t  i s fac toqr .  

Rota t ion  of o r i g i n a l  hoodo With tire f a i l u r e  of t h e  o r i g i n a l  
hood des ign  t o  opemto  s a t i s f a c t o r i l y ,  it became necessary  t o  o b t a i n  
ind icn t ions  of what type  of hood nigh* work without  t h e  cons t ruc t ion  
of n a o r o u s  shapes. This vms nccornplished by studying the  o r i g i n a l  
hood r o t a t e d  t o  var ious  pos i t i ons  vrith r e speo t  t o  +,he cana l  water  
flow. ii scour t e s t  was made wi th  tho  valve opening 1150 ri&t o f  t h e  
direc:tion of f low ( ~ i g u r e  5 ~ ) .  There m s  no improvement over t h a t  
of t h e  CI0 pos i t i on ;  in f a c t ,  t ho  sand depos i t ion  was worse f o r  t h e  
same poriod of  tjme and veloc i ty .  h peak of sand 2-5/i: Inofies h igh  
wns deposi ted 2 inches doxvnstream of  t h e  hood. The r e m i n d e r  of t he  
hood bowldary rns c leared  of sand except at t h e  extreme upstream end. 
This hood poo i t ion  T , ~ S  not; acceptable and gave l i t t l e  i n d i c a t i o n  of  
what shape should be used. 

Posi t iol ls  of WO, go0, and 100° r i g h t  of' the d i r e c t i o n  of  
vmter  f l ow were uoed i n  contS.nuing these t o s t s .  The only one of t h e s e  
si1or*iix11; any mrit  vms the  900 p o s i t i o n  (Figtars 5 ~ ) .  Gonerally the  
sand vms scoured completely from regions where t h e  passed a long  
tho  boundary of  t h e  hood o r  mas accolera.ted along a curve. This 
cond i t ion  i s  shoivn in  Figure 5B except  f o r  the region  a t  t h e  do1-m-, 
s t ream cornor of  the  hood. Unexpected scour oocwred immediately 



pass ing  ovoe {:.he ~iii'33d portion. From ~ b s e ~ ~ i n g  t h e  flm of water  
around t h e  hood i~ t h i s  pos 5.t ion and i t s  aot ia i l  u?on t h e  sand, it 
was conclcded t h a t  a hood inounting t h e  f l e p  va lve  opening a t  
vri.th respec t  t o  t h e  f l o w  d i r eck ion  might keep t h e  va lve  operabls. 

O r i p i n a l  hood a l t e r a t i o n s .  :'bile t h e  use  of a des ign  
with t h e  f l a p  ~ ~ u n t e d  a t  900 w i t h  the  d i r e c t i o n  of f low oras 3 e i n g  
considered b y  designers i n  t h e  Canals Dtvision, trvo a l t e r a t t o n s  were 
r ~ d e  t o  t h e  or5.ginnl hood. To a l low a f low of .vraJier t o  pass  i n t o  
t h e  a rea  of  sen6 concent;ration, s l o t s  2 inches h igh  by 4 inches ~vi.de 
a t  t h e  s l o t  e x i t  were cu t  through t h e  base  of the  hood ( ~ i ~ u r e  6h) .  
The canal  f i o o r  a r e a  covered by sand domatream of the Yaod vms 
rsduced by the  flow o f  water  f r o n  t h e  s l o t s  b u t  t h e  depos i ted  hei.ght- 
of 2 - 3 / ~  b c h e s  of sand was cocsidered object ionable,  a s  veil as +he 
p o s s i b i l i t y  o f  t h e  s l o t s  being closed by acl:umulating sand o r  
a q u a t i c  ~;ravk%. 

The seoond a l t e r a t i o n  t runcated  t he  hood t o  a downstrean 
he jgh t  of 6 inches ( p i p r e  63) .  This vias done t o  e l low vmter flo-tving 
o-mr t h e  hood t o  t,e d i roc ted  i n t o  the reg ion  irmnedi.ately do rms t rem 
t o  prevent  a 6oposj.tion o f  sand. Flow of t h i s  n a t u r e  d i d  not  occur  
because snrd  s t i l l  e,r,cumlnted t o  a depth of 1-3/3 inches, 1-1/2 
h c h e s  dovmstraam of the  hood and ovcr a l a r g a r  area %hall before  
( F i ~ r e  6~). Apparently vhsn t h e  pro jec ted  a r e a  of t h c  hood was 
roducod 3 y  truncating t h e  top,  t h e  v e l o c i t y  through t h e  test s e c t  ion  
vms docreasad causing l ens  scour. This 1ms n o t  considcred inlportant 
f o r  thore vms no ind ica t ion  t h a t  t h e  t r cnca ted  hood v~ould remove 
send f r o n  tho f a c e  o f  ?;he f l a p  ml-re. 

E l l i p t i c a l  Uood 

;hen  t h e  o r i g i n a l  hood had Seen pos i t ioned  ~ 1 5 t h  t h e  f l a p  
m l v e  openinl; a% 90° w i t h  r e spec t  t o  the  djrcc-i;:;.on of canal  flow, 
tile salul had been rmvcd by the w a t e r  t o  c l e a r  t he  area irmnodiately i n  
f r o n t  ard towards the  upstream s i d e  or' t h e  openfnc as  shown on 
Figure 5B. ;&ere t h e  ~ m t c r  had passed over and around the  cu.rved 
por t ion  of t h e  hood, t n e  sand h ~ d  been moved do~mstream army from 
the  hood bo~mdary. O b s c r ~ a t i o n  of t h i s  a c t i o n  led t o  t h e  conclcs ion  
tha t  a hood inoorl?oratinl; t!lese iqva f e a t u r e s  might c l e a r  i t s e l f  t o  
the extolxt of hnv,ini:; t h e  va lve  free a t  a l l  t imes .  



made, ( ~ i g u r e  3 ~ ) ,  An e l l i p s e  w a s  used t o  def h e  t h e  longitud-1 
c a n t e r l h e  3eakion of the  hood while (3 ?.,onstant radius of 5-1/2 
incher~ was maint~i~mi! on t h e  hood ends in tb plan aeotion. The 
flap valve m s  posi.t;;loned t o  open a t  w0 with rermpect t o  the flowO 
A I l l - e i z e  hood was operated for  1 hour a t  a water w l o c i t g  of 1 
foot  per aeoond sr5kIi s resulting soour pa4;tarn e h m  in Pigure 7A. 
The hood oaused a eoou~ing  of t he  sand fn the;' r eg iom expeoted but 
not t o  t E t s  desired degree. The downa'crsam oomer of ths valve flap 
remained covered with an appreoiable amounk of sand. A t  a 1 f o o t  
per second water velooity, the sand oould mt be moved h.m t he  faoe 
containing t h e  valve, Veloei t ie l~ i n  -he s t a p t i e n  area 03 the 
downstream end of %he hood were too low .to suppost a eontinuour 
moven~nt of the  sand. The depos it w a s  h-7/8 bohee hi& at; e point 
8 inches downs'traam of the valw cen%erliPe, wbioh wan ooneidered 
t o  be too large f o r  dependable operation. C%her objeotioau rralaed 
were the valve might be damaged by impact of sPt5nergad debris, and 
w e d s  might entangle the hood and hold t h e  valve flap c l o u d a  

E l l i p t i ca l  hood alterationat. A suggestion of a l t e r i ng  t h e  
hood by reoesaing the f l a p  valve into t he  side (valm in t he  90° 
position) a l so  f a i l ed  becauee the  swd was oarried directly into 
the downstream end of the  opening and pi led agmimt t h e  flap. 

The second al tera t ior ;  mad?, to t h e  e l l i p t i c a l  hood plaoed 
the  f lap valve t o  open Lnto the aooumd area a t  the dcrrrnstrsan OM, 
This w a s  done by removing 2-3/4 inohes from the  and cf the  hood 

@corresponding t o  the  intersect ion of the wlve oasting and the  
e l l i p s e  ( ~ i g u r e  7 ~ ) .  After operating f o r  1 hour with l-foot-per- 
second water velocity, it was found t h ~ t  the f l a t  v s r t i oa l  downstream 
surface, representing the  n l v e  f lap,  bad not changed the acour 
pa t te rn  but t h a t  sand was car r ied  baok i2ut;o the region formerly 
occupied by t h e  downstream port ion of the hood and pi led againut the 
face of the  flap. 

!I'he use of defleotore was again t r i e d  fo r  rreovlng satld from 
the valve face in both the O0 and 900 pooitiona, but water vwloai'tias 
were not high enough t o  *st a continuoue mvement t o  the sand fkasn 
the  proper areas. It rats concluded that t he  e l l i p t i o a l  hood m u l d  
not provide a satisfactory aolution t o  the problem. 

Circular Hood with Deflector 

Observations during the  precedhg t e s t s  indioated tb& an 
unsymmetrical hood, with respect  t o  the  d i rec t ion  of ua te r  flow, 
possessed b e t t e r  scouring a b i l i t y  than a ~yrmnetrioal hood. The 0r igbd 
hood with the valve opening a* 900 ~ 5 t h  respeot t o  the f l o w  di reo t ioa  



I produced a scour pa t te rn  t h a t  would 'be ackepttnblo if t h s  sand was I 
I removed aonpletsl?r across the valve faoe. A hood s imilar  t o  t he  

g b a l  ir- the  gOQ p o ~ i t l o l l  ms oonntnzated in the form of a 
quarter  of n sphpro of r~.dius 9-l/8 inches (Figure 3D)o !?he 
exposed f l a t  faoe pc~:al le l  t o  the f l o w  allowed m t e r  t o  pans 
dirocSt;ly across t !~e  facp., of  the f l ap  valve. A def lector  with  an 
opon s l o t  a t  t ) r $  bottom was  added t o  t h e  Face oontajning t he  value, 
t o  protect  the  valve from nxving debr3.s. The s l o t  a t  the bo t t sn  
of def lector  provided a m,ter j e t  -hto the  area where the grenteot 
sand depoa 5% was expected, 

I 
A s  in  previous t e s t s ,  Chis hood was operated f o r  1 hour 

a% a water veloci ty  of 1.0 foot  per second with a resu l t ing  scour 
shown in Figpre 011, The 'sancl was completely removed from around 
t h e  base of the  hood with t h e  exception of the ri&t downstream 
corner. In t ry ing  t o  renove the sand fror.1 t h i s  corner, a s l o t  
2 inches h i @  with a 5-1/8-inch en t reme a& 6-imh exik ma o u t  
through tho  cort:er. 'ille corner of t hc  hood m s  reinforced by the 
addit ion o f  a 7/&inch-diameter rod t o  prevent tho canal cleaning 
chain from damaging the  hood. A t  the  same time, a 3-inch f i l l e t  was 
~ d d ~ d  t o  the base of the hood t o  aid  t he  passing of biological  
growth. 

i i f t a~ -  a t e s t  l i k e  t h a t  on the  unslotted hood, it was found 
t h a t  the  scour along the face conta ix i r .~  the  valve had moved dmOPRl- 

" u ---- - -  
of t3e &,inch exit, but wii;hout conpletely- f i l l i n c  the 2-bch  --- -,.. -. 
It had beec thoucht t h a t  the  sand movirc throudi tho s l o t  :nizht be 
renoved by tine tlator c a u s b g  the  msin scour downstreen of' t!lo hood. 
In pZace of t h i s  action, the  sand mo-red downstrean and t o  the l e f t ,  
being deposited i n  a ridge approximately 2 kcl~ss high, as  shovm in 
FQure OD. !Tho general a?pearanr:e of tho scour pa t te rn  f o r  this hood 
was good, but -h objeotiorrs t o  the hood were apparent: (1) the 
slot beneath t h e  def lector  may become p l u g ~ e d ,  which mould reduce 
tho extent  o f  +she scour across the valve face; and (2) i-ks snape 
(with the def lector)  would be conducive t o  tho accur.ulation of 
biological  grovrth. 

hrt:rar t c s t s  m r e  rado on n 1:4 model a t  a water ve loc i ty  
of  0.97 foot  per second instoad of t h o  0.77 foo t  per ~econd  used in  
the 1:4 modal t e s t  of the or . j@ml hood i n  order t o  05J;aix b e t t e r  



Again a &ifom sand-depth of 3/16 inch wm used, As shown in 
Figure 9A, the nodel scour across the face containing the valve was 
not as  complete as tha t  i n  Fie;ure 8B, but i n  general t he  s imi l a r i t y  
was good. With good s imi la r i ty  established, t he  s l o t  beneath the  
Oeflector of tho l:4 model was closed (objection 1 above) and the 
scour pattern obtained (Figwe 9 ~ ) .  There was a small deposit of sand 
d i r ec t ly  i n  front of the  valve. With the  exception of t h i s  deposit, 
t he  scour pattern was p r a c t i c a l l y t h e  same a s  i n  Figure 9A. 

When biological growth (objection 2 above) was simulated 
by water-soaked cotton fibers,  they tended t o  pass under the open 
slot beneath t h e  deflector  m d  t o  remain there  with the  end d i r ec t ly  
across the valve position, Without knowledge o f - ~ h e  amount of sand 
and growth t o  be expected in the Wellton-Mohawk Canal, it waa 
desirable t o  extend these studies Tc' find a hood producing a more 
dzpendable action. 

Enclosing Hood 

A two-section protective hood was proposed. The upstream 
saction was formed around the f l a p  valve and the downstream section 
butted against the  other t o  provide water passage from the  valve 
( F ~ F  3 ~ ) .  The pmfile section of this hood was made Sn the  form 
of an ogee curve i n  t h e  bel ief  t h a t  a scour of t h e  region immediately 
downstream might be obtained . 

A scour te.st for 1 hour at 1.Q-foot per second water 
velocity, Figure 108, proved t h i s  hood design t o  be wrong. Sand 
had been pLaced i n  the water passage from t he  valve t o  a depth of 
3/4 of an inch before the t e s t  was started. The sand depth had 
increased t o  7/8 of an inch a t  the completion of t he  tes t .  This not 
being conclusive a second t e s t  was made &ere no sand was placed in 
t he  wassap, and an area the width of t he  hood, extending dormstream 
1-1fi inches, was l e f t  free of sand. After a scour tes t ,  a deposit of 
sa?d 1/2 inch i n  depth was found & the water- passage, and the 
previously free area wea c m p l e t e l j  covered. 

This hood desf  gn was not considered mrther i n  view of t h e  
poss ib i l i ty  of sand being deposited i n  the water passage from the 
valve, thus hindering the flap valve operation. 



It ~vas  proposad t h a t  tho va lve  be pro tec ted  by r e i n l o r o i n g  
bars p laced  in tbc: concrete  oanal l i n i n g  in s t aad  of p r o t e c t i n g  t h e  
f l a p  va lve  w i t h  unreinforoed concrete .  A fu l l - s i zed  va lve  m s  placed 
i n  the  t e s t  flume, and a 1-hour scour  t e s t  vras ;nade. 'he r e su l t i i i k  
scour i s  sho rn  in Figure 10B. The r e s u l t s  of t h i s  t e s t  i nd ica t ed  t h e  
proposal t o  'so unsa t i s f ac to ry .  '!Jith the  sdded p o s s i b i l i t y  of the 
r e i n f o r c i n g  b a r s  becoming entangled by oanal  grol?rth, t h i s  proposal  
was  abandoned. 

Previous ly  mentioned u rde r  t h e  seot ion ,  Or ig ina l  De35.01, 
vitis a s e r i e s  of t e s t s  concor:ling t h e  use of d e f l e c t o r s  o r  vanes t o  
d i r e c t  t h e  f lom of -$rater across  t h e  d m s t r o m  face  of t h e  hood. 
;:one of t h e  d e f l e c t o r s  projected above t h e  t o p  of the  hood, t h e  
thou&t b e i n g  tht b i o l o g i c a l  grovrth f lowing vrith the  waker could 
e s s i l y  become entangled upon the  d e f l e c t o r .  ;'Tith the  f a i l u r e  of 
f ind ing  ~i hood des ign  t h a t  m u l d  be self sca-renging w i t h  r e s p e c t  
t o  both sand and growth, a d d i t i o n a l  t e s t s  ware made using d e f l e o t o r s  
p r o j o c t i t g  above the o r i g i n a l  hood, li change i n  t h e  method o f  t e s t i n g  
t h e  hooda rms made t o  b e t t o r  represent t h e  p ro towpe  movement of s a d  
in t h e  canal. This was aocompl'lshed by using a sand (avorage s i z e  
0.2 of a mi l l imo ta r )  in t h e  2-foot-wide t e s t  flume whereby con-l;i~luous 
rnovenenhf t h e  smd was obkainod, This movement was preva len t  
throughout t h e  t e s t  flume a s  we l l  as ad jacen t  t o  t h e  hood boundary. 
In  t h i s  m y ,  it svas de temjned  whether t h e  hoed could tnaintain a 
continuolls scour j.116 ac t ion .  

In tine use 02 a downstream d,ef loctor  h i c h  pro joc tod  abom 
t h e  ilood, a colnpro~akso bc-hyoen a co~np le t e  mild scour and tho entangle-  
ment of some gm.rth on t h e  delziector was acceptod. A d r a w h l ~  o f  t h e  
trm-piece hood i s  a h m  i n  Figure 3E. Th5.s des ign  m s  obtlrlned by 
t r i a l  i n  that &tal plate3  were used in formin6 t h e  d e f l e c t o r ,  o r  
downstream p i e c e  of t h o  two-piece hood. !he he igh t  of t h e  p r o j e c t i o n  
of the d e f l e c t o r  above t h e  o r i g i n a l  hood rms basod upon t h e  completeness 
and r o ~ i d i t y  wi.t?l which tho aroa he-hreon t h e  d e f l e c t o r  and hood was 
scourod. Trial t e s t s  or. 1:14 mcc'.el hoods were made vrith d e f l e a t o r s  
prozoct ing from 0 t o  4 inclles prototype above t h e  o r i g i n a l  hood, and 
having bo th  curved and atraighk p r o f i l e s .  A 12-inoh-wide de f loo to r ,  
s t r ~ j g h t  i n  p r o f i l e ,  project.i.ng 3 inahes above t h e  o r i g i n a l  hood, and 
wi th  i t s  upstroam su r face  a t  a n ~ l e  of 6 9 O  w i t h  reopoot t o  t h e  aanal 



in tersect ion of the  base of the hood and t he  in terseot ion of the  
def lector  with the  canal  f loor  was 10 inohes. It  mas necessary t o  
add a concrete backing t o  t he  def lec tor  f o r  s t ruo tura l  reasons and 
t o  a i d  tho passing of the  oanal oleaning oha5n. This concrete in 

I .  i t s e l f ,  el iminates tho  metal p l a t e  used in the  i n i t i a l  t e s t s  on t h i s  
design. To prevent the  chain from dropping-5nto the space between 'the 
tvro hood pieces, three  3/&-ir.oh bronze rods mere bridged betrmen them. 

~. Based on tho 1:b scale  model t e s t  r esu l t s ,  t he  addi t ion of 
the concrete +,o the  downstream de f l ec to r  p l a t e  (F'ippre 3 ~ )  reduced 
the scouring r a t e  in t h e  area between the  hood pieces. This was 
corrected by reducing the  distance between lJases kom 10 t o  8 inches 
protot3;pe which s t i l l  permitted t h e  f l a p  t o  swing out to a horizontal  
pos :t ion  without ooming in contact  wi th  the face  of the  deflector.  . 
k scour t o s t  of 1 hour on t h i s  model ahwed continuous scouring after .  
the short; time (j t o  5 minutes) required t o  ren0.l-e sand purposely 
placed between the  hood pieces, The scourlug s - t a 1 - t ~  a t  the  apex o f  
the mgle  made by the ca,ml f l oo r  and the face  of the  d m s t r e a n  
deflector. A r o l l e r  of water r e su l t i ng  f r o n  tho deflected port ion of 
the f1o.r brad suf f ic ien t  velocity t o  keep the sar,d in  suspension betweex: 
the hood pieces. !i"h.Fs sand. was gradually e jected from t h i s  a rea  by the 

~ efflux of water f r o n  bo'ch s ides ;  thence it m s  moved dovrnotream by 
I the water passing the s 5de of t h e  hood. The scouring act ion proceeded 

I rapidly  over appro;:hlat-ely 7 inches 3f t'ne distance bebvoon bases sIld 
vms retarded s l i g h t l y  over -tile remining inch, presumnbly duo t o  the 

I i n f l ~ e n c e  of t h e  f l a p  ml7e. A11  of the flume f l oo r  surface b e h e n  
tho hood pieces in t h o  1:4 model m s  coripletely scoured in  3 t o  5 
minutes with an  a v o r a p  mtsr ve loc i t y  of 0.9 foo t  per second and 

I none of the  moving sedbnent m-entered the space between the hood. and 
, dcflector.  Tnese rrjsults Lndicated a so lu t ion  t o  the problem. 

I A sketch of t he  %-piece hood vms given t o  the  Canais Division 
fo r  t h e l r  consideration in plamine; t h e  f i n a l  deslgn ( ~ i g w e  2). 

'I'm-giece hood--Final dos ign. Ele final dea jgn, prepared by 
the Canals Division t o  include s t ruc tu r a l  fea tu res .  included a ohmfer  
to  t h e  upstream def lec tor  face, two 3/L-inch bronzi rods in  place o f  
three, and a 30" slope to the dawnstream f ace  of t he  def lec tor  t o  
f a c i l i t a t e  passing of a dray: chain. A 1:4 scale  model o f  t h e  final 
design was constructed ( ~ i ~ u r e s  11A and B) . 

In t e s t k g  t he  1:1$ mcdei, a uniform depth of 1 inoh of sand 
(average s i z e  0.2 of a millimeter) ~ras placed in the 2-foot t e s t  flume. 
The node1 min+:ainod continuous scow a t  a mininm wa'<er veloc5- of 

I 



sand out fmm between tke  hood pieces was dependent upon the depth 
of t h e  sand, ani  de t enn in in~  t h i s  time-sand depth relations53.p did 
not appear warranted. The model was operated f o r  1 h o u ~  a t  a 
velocity of approximately 0.9 foot per second, which was hip;her tban 
t h a t  required to cause sand movement, but was used t o  acce le ra te  t he  
scour tes.;. I n  contrast  to previous t e s t s ,  sand waves were formed 
throuchout t h e  t e s t  flume (Fi,rrure l l ) ,  denoting a con t in~ous  sand 
movenent t o  and from t h e  hood. The scour pattern f o r  the  f i n a l  hood 
design i s  shown i n  Figures 1I.A and B. The 1 inch depth of sand, which 
had been placed between t h e  hood pieces before t h e  t e s t ,  was completely 
removed within 5 minutes after the  start of t h e  t e s t  and no sand was 
c z r i e d  back i n t o  this space during tes t ing.  'The chamfer t h a t  had been 
added t o  the def lector  upstream face  d id  not noticeably change thti 
scouring pattern.  To fu r the r  check t h e  scouring action, l a rge r  s ize  

I 
sand ( m d m  size approxhately  1/8 inch) was placed between the  
hood pieces, and t h i s  sand was also rapidly  forced out an6 darnstream. 

This design was a l so  studied f o r  i t 3  a b i l i t y  t o  pass biological  
growth by using cotton streamers, natural watemeeds, and algae. ThJ.s 
meter ia l  has dropped onto t h e  water surface 8 t o  1.0 f e e t  upstream of 
t h e  hood. The weed, having a specific cavity less than t h a t  of the 
water, d id  no t  sink su f f i c i en t ly  t o  entangle the-hood a t  t h e  water 
subnergence used;, however, entanglement should occur at water surfaces 
near the hood top. The majority of the cotton strecaners were deflected 
by turbulence surroundin,p the  hood, bu t  a few becane caught under t h e  
bronze rods near t h e  deflect-or (Figure 13A). A short  length of the 
streamer (approximtely 1/0 o r  l e s s  of t5e  t o t a l  length) entored the  
space between the  hood pieces and was forced out and around t h e  bronze 
rods where t h e  streamer remained caught. Thc longer sect ion of the 
s t rea3er  was carried downstream i n  a posit ion where it can be engaged 
ar~d removed b y  a chain drag. Algae were caught on t h e  hood i n  exact ly  
t'ne same manner a s  t h e  streaneys, bu t  the algae d i d  not support a 
length as ions as the co t ton  streamers. The filaments of t he  aleae had 
a tendency t o  s l i p  one upon t h e  other  u n t i l  only very short  lengths were 
retained around t h e  bronze rods, None were caught by t h e  .top of t h e  
def lector  between t h e  rods. 'hen cotton streamers were de l ibera te ly  
placed i n  the space between tk hood pieces, they i e r e  ro l led  about 
u n t i l  f i n a l l y  ejected out t h e  sides, thus  showing no tendency t o  becone 
entatrigled on the  valve, 

Comparison of o r ig ina l  hoa2. c i rcular  hood, andtwo-plece hood. 
Models of t he  or iginal  hood, c i r cu l a r  hood, and two-piece hood of a 1 
t o  4 sca le  were Flaced in the  f l m e ,  Al l ' th ree  were-operated under t h e  
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seoondj, and sand depth (approximately 1 inch): The t e s t  reaul ta  
a r e  shown on Figure. 11 and 12. !be deposit  against  the  f l a p  o f  
the original  hood vms higher than i n  previous tes ta .  Note t h a t  
the scour pa t te rn  re ta ins  a aimilari* t o  previous t e s t a  with the 
hood i n  t h i s  position. During the  operation o f  the c i rcu la r  hood. 
"he sand waves moved under' the deflector,  along the  face oontaining 
t he  ,valve, and the area i n  f ron t  of the  m l v e  nemr  completely 
oleored a s  in previous t e s t s ,  although the  pa t te rn  of soour aas 
es sen t i a l l y  t h e  sam. ?he sand in the area botnroen the  tm pieoes 
of t he  f h l  hood. desigp was completely removed. 

With t h i s  f i na l  comparison of t he  scouring a b i l i t y  of t h e  
t h r e e  hods .  it ms concluded t h a t  t h e  tvm-piece hood ( ~ i g u r e s  2 and 
1 3 ~ )  is the  mst satisfactory.  









Figure 4 
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A. Sco7m pattern of origis;al protective hood 
operated 1-how at 1.0 foct per second 
water velocity. 

E. SCOLT pattarn of 1:4 scale crigimLi protective 
h 0 ~ 6  ogerated 1-hour at 0.77 foot par riecoxd 
water velocity. 



A. Scour paetern OR original protective hood 
operated 1-how at 1.0 foot par eecord water 
veLocity with flap opening 45 d w e e e  right 
of the water flow direction. 

3. Scour pattern of origiaal potective hood 
operated 1-hour at 1.0 foot per second water 
velocity with flap openiag 90 degrees right 
of the water flow di.rect3.o~. 



Hyd. Report 270 

A. scour pattern of altorsd protective hood 
operated 1-hour at 1.0 foot per eecolld water 
velocity i n  design position. Slota in bsse 
2-inches high by &-inches vide at exit.  

B. Scour patte,rn of altered protective hood 
operated 1-hour at 1.0 foot per necond water 
velocity. Slots open and the top truncated 
to a down,~tream height of 6 inches. 

ALTIDU9'IONS TO O R I C ~  HOOD 
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A. Scour pa t tern  of el l ip51cal  hood operated 
1-hour 1.0 foot  per second water velocity 
with v a  --' 3 operaing a t  side. 

B. Scour pa t tern  of e lLipt ica l  hood operated 
1-hour at 1.0 foot per second water velocity 
~ I t h  valve opening downstrecun. 

ELJJIPTICAL HOOD 



8 
eport 

A. Scour pe'ttern of clrcular  hood with deflector 
operated 1-hour a t  1.0 foot per second water 
velocity. 

B. Scour pattorn of circular  hood with deflector 
operated 1-hour at 1.0 foot  per second water 
~ e l o c i t y .  S' -?t 2 ' inches high, ?-1/8-inch 
6ntrance (7/b-inch relnforclng bar ) , and 6- 
inch exit.  



A. 8eour pattern of lt4 UC& circular h o d  with 
deflector operated 1-hour at 0.97 foot per 
aecond water velocity. 

B. Scour pattern of 1:4 scale circular hood with 
deflector operated 1-hour at 0.97 foot Der 
second water velocity. Slot clbsed be&ath 
deflector. 

1:4 WDEL OF ClRCLTLAa HOOD 



A. Scour pattern of enclosing hood operated 
1-hour at 1.0 foot per e a c o d  water velocity. 

B. Scour pattern of e m s d  full size flas valve 
operated l-hour at 1.0 foot per recond water 
velocity. 

EACIL)SR?G HOOD A24D UHRtQTECTED FLAP VALVE 
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Hyd. Report 

A. Scour pattern of l :4  scale two-piece hood 
operated with continuous send movement for 
1-hour at 0.97 foot per second water velocity--, 
l o o k i ~  upstream. 

B. Scour pathern of 1:4 scale tvo-piece hood 
operated with continuous sand movament for 
1-hour at 0.97 foot per secod water velocity-- 
loaking downstream. 



A. Scour pat tern of 1:4 scale original hood operated 
wfi;h continuous sand movement fo r  1-hour a t  0.97 
foot per second water velocity. 

B. scour pat tern of 1:4 scale. ctrcular  hood operated 
w i t h  continuous sand movement for 1-hour a t  0.97 
foot per second water velocity. 

ORIGINAL Am CIRCULAR HOOD--1: 4 mDEZ 



Figure 13 
Hyd. Report 

A. Two-piece hood i n  opsration with cotton streamers 
on downstream section. 

B. ~rofile photograph of two-piece h a - - l : 4  s c a b  model. - 

OPEEWPIOI AND PPK)FaE P B O T O ~  OF 1:4 MIDEL OF TWO-PIECE HDOD 


